a catalyst packed bed by finite difference approximation and by use of the local effectiveness factor, talcing into consideration the external and internal transport resistance to catalyst particles. The method is applied to the hydrogenation of ethylene and to the oxidation of sulfur dioxide, and is compared with experimental results by us and by Schuler et al.
Introdution
Axial and radial distributions of temperature and concentration in catalyst packed beds have been analysed based on the approximate linearization of the rate expressionu), the model of a network of perfectly stirred tanks1'8>12), and the finite difference approximations of the heat and mass balance equations5'6>7). Most of those analyses do not take into consideration the effects of resistances to heat and mass transfer in fluid film and in pores of the catalyst particles. However, it hasbeen well established for a single catalyst particle that some marked distributions in temperature and concentration can be produced through the fluid film and in pores.
In this paper, a method is presented to estimate the temperature and the concentration distribution in a catalyst packed bed by the finite difference approximation, taking into consideration the external and internal transport resistance to catalyst particles.
The local effectiveness factors in the bed are calculated and stored in advance for ranges of temperature and concentration presumed for conditions in bulk fluid. A proper local effectiveness factor is evaluated for each step from the stored values and multiplied to the reaction rate in the finite difference equations.
The method is applied to the hydrogenation of ethylene and to the oxidation of sulfur dioxide and is compared with experimental results by us and by Schuler et al.10 ).
Calculation Procedure
In a tubular catalyst packed bed of the external heat-exchange type, quasi-homogenity of the bed is assumed, along with plug flow of the reactive fluid, no axial mass diffusion and heat conduction and constancy of the physical properties. At steady state, the follow- 
and, from Eqs. (8) The experimental apparatus and the procedure for the ethylene hydrogenation reaction were the same as in previous paper3}. Describing it briefly, granular nickel-kieselguhr catalyst prepared from a mixture of about one to ten of pulverized Harshaw nickel catalyst, Ni-OIOIT, to kieselguhr as diluent was packed in a glass tubular reactor of 9.2mm I.D. with a thermocouple well of 1.5mm O.D. at the center. Particles of diameter 2.00~2.38mm were applied. No quartz particles were used as the bed diluent.
The catalyst was reduced in situ in a flow of hydrogen gas and stabilized in a flow of a mixture of hydrogen and ethylene.
Reactions were performed for the conditions of ther- by the present method, in which both the internal and the external transport effect are taken into consideration, differ little from other calculations, where no consideration is taken of the local effectiveness factor. This may be attributed to the two effects compensating each other, i.e., the concentration drop through the fluid film influences the reaction rate to decrease and the temperature rise works conversely. F(XA, t) = a factor given by Eq. (7) [-] Gt0 = total molar feed rate [mol/sec-cm2-bed] -AH -heat of reaction based on the key component , hmRi dp IkbCb h=^G^> /l2=^T' mt=-2-V -DT KagakuKogaku, 31, 82 (1967) 3) Goto, S., M. Asai and N. Morita: ibid., 32, 1094 Morita: ibid., 32, (1968 4) Hall, R.E. and J. M. Smith: Chem. Eng. Progr., 45,459 (1949) 5) Kubota, H. and T. Akehata: Kagaku Kogaku (Chem. Eng., Japan), 28, 284 (1964) 6) Kubota, H.and Y. Yamanaka: ibid., 31, 951 (1967) Progr., 46, 614 (1950) 10) Schuler, R. W., V. P. Stallings and J.M. Smith: Chem. Eng. Progr. Symposium Series, No.4, 48, 19 (1952) ll) Tone, S. and T.Otake: KagakuKogaku, 30, 1038 KagakuKogaku, 30, (1966 
Introduction
The " unreacted-core shrinking model " has been applied not only to analyses of solid-gas reactions but also to the formation or melting of ice, the drying of porous bodies, and the thermal decomposition of solids. These moving boundary problems have always been classified into three groups by the basic equations describing their phenomena, i. e., (A) heat transfer, reaction temperature in the decomposition of calcium carbonate. The authors also observed a similar phenomenon in the experiment of burning carbon-cement mixture2\ The similarity among drying, thermal decomposition, and the solid-gas reaction suggests that the solid-gas reaction should be treated as group (C).
In the previous papers1>2), the authors reported the non-isothermal analysis of irreversible solid-gas reactions. But some reactions, e. g. the reduction of iron oxide, are reversible, and the equilibrium relatien plays an important role in these reversible reactions as well as in the drying and the thermal decomposition of solids.
In this paper, in comparison with such drying and thermal decomposition, reversible solid-gas reactions are analyzed non-isothermally on the basis of the unreactedcore model. Reaction diagrams are proposed to clarify how the rate-determining processes of chemical reaction, mass transfer, and heat transfer are interrelated. They also permit easy calculation of the temperature and concentration at the reacting-core surface, which are very important in determining the reaction rate accurately.
An application of such reaction diagram will be illustrated later.
